The purpose of the study was to investigate the effects of three levels of lick supplementation on the production and reproduction of cows grazing transitional Cymbopogon-Themeda veld. The study was conducted over three years (2011)(2012)(2013)(2014). A total of 150 Drakensberger cows were randomly allocated to three supplementary treatment groups. These supplementation formulations are available commercially and are typical of levels used under farming conditions. In summer Treatment 1 (T1) consisted of a supplement containing 50 g phosphate (P)/kg and 150 g crude protein (CP)/kg. T2 and T3 both consisted of supplements containing 60 g P/kg and 0 g CP/kg. In winter, T1 consisted of a supplement containing 367 g CP/kg, 77.5% non-protein nitrogen (NPN) and metabolizable energy (ME) content of 5.25 MJ/kg. T2 had 466 g CP/kg, 88.7% NPN and a ME content of 4.4 MJ/kg. T3 had 475 g CP/kg, 95.9% NPN and an ME content of 2.4 MJ/kg. Traits were calf birth weight, 100-day and weaning weights of calves, cow weight at weaning, intercalving period (ICP), conception rate and body condition score (BCS) of cows. Calf birth weight was affected by supplementation treatment only in year 3 and 100-day weight in year 2. However, weaning weight and reproductive performance were not influenced by treatment. It was concluded that the level of supplementation of each treatment group enabled the cows to operate within their target weight range; however, it was more profitable to use the T3 supplementation option.
Introduction
Farmers continually seek means of increasing the production and profitability of their livestock enterprises. Often, they focus on methods that increase production, based on the understanding that production is the profit equation component that affects income directly. Farmers also need to consider cost management and, most importantly, the profitability of the cow-calf enterprise (Ramsey et al., 2005) .
Many reports have been published on the marked effect of supplementary feeding on animal reproduction and growth under extensive grazing conditions. Supplementary feeding is considered normal practice in the South African livestock farming industry (Lishman et al., 1984; Read et al., 1986a; Read et al., 1986b; De Brouwer et al., 1993; De Waal et al., 1996; Van Niekerk, 1996; De Brouwer et al., 2000) . However, many erroneous conclusions have been reached about the need for supplementary feeding based on analytical data (Van Niekerk, 1996) . Therefore, the nutritive value of the veld and its ability to support animal production, as well as the role of supplementary feeding in promoting animal production, should be studied under realistic and practical grazing conditions (De Waal, 1990) . Needless to say, any input regarding supplementation should be reflected positively in animal performance, and the increase in output must be economically justifiable.
The purpose of this study was thus to investigate the effect of three levels of lick supplementation on the production and profitability of a beef herd that was farmed extensively on transitional CymbopogonThemeda veld.
Materials and Methods
The study was conducted from August 2011 to July 2014 on Quaggafontein Farm, which is 3559 ha in size, and is situated 30 km south of Zastron in the south-eastern Free State, South Africa. The farm is located between 30°27′ south and 27°13′ east and at an altitude of between 1352 and 1626 metres above sea level. The average annual rainfall is 550 mm; summer temperatures are temperate; and winters are cold, with frost occurring from the end of April until the beginning of October. The average daily temperatures by month are presented in Table 1 . The vegetation is typical of transitional Cymbopogon-Themeda veld with a grazing capacity of 5 to 7 ha/(large stock unit). Animal experimentation was conducted within standard ethical norms. A total of 150 Drakensberger cows were used, which had been raised on the site prior to the study. The cows were dry, had mated naturally, and were verified as pregnant before the commencement of the study. The cows were initially stratified into age groups and then randomly subdivided into one of three treatment groups, namely T1, T2, and T3, each with 50 cows (n = 50). Parity was not known and was assumed to be correlated with the age of the cow. The mean weights of the cows at the start of the study were 548 kg ± 62, 544 kg ± 50, and 543 kg ± 57 for T1, T2, and T3 cows, respectively.
A three-phase supplementation programme was used in which the production year was divided into three periods, namely summer (wet season) (approximately mid December to March), winter (early dry season) (April to July), and late winter (late dry season) (August to approximately mid December). The winter and late winter supplementations had the same nutrient compositions. However, during winter supplementation, the treatment groups were offered 80% of the amount of supplement that was offered during late winter supplementation. The levels of supplementation that were chosen in this study were similar to the levels commonly recommended by animal nutritionists and often used by farmers. However, the level of energy supplementation for some of the treatments was low in relation to the animals' daily requirements. Nevertheless, this is typical of the levels used under practical farming conditions. Macro ingredients were mixed on site according to commercial supplementation formulations. The intake of the supplements was recorded accurately at herd level. The supplements were available ad libitum, but never exceeded the maximum recommended daily intake. They were replenished twice a week to ensure that the animals had access to adequate supplies. Weekly weather forecasts on the possibility of rainfall were considered in determining on which day supplements would be replenished. This was an attempt to prevent supplements containing urea from getting wet, which could affect intake and cause poisoning or death. Adjustments were made for wet supplements that had to be replaced. During the very dry spell experienced in the latter part of 2013, the amount of supplement offered to all three treatment groups was increased by 10%.
During the summer supplementation season, all three groups were offered mineral supplements. T1 was supplemented with VOERMOL SUPERFOS® with 150 g CP/kg and 50 g P/kg. The T2 and T3 groups were offered identical mineral supplements containing 0 g CP/kg and 60 g P/kg. The nutrient composition and raw material inclusion rate (%) of the summer supplementation treatments are presented in Table 2 .
All three groups were offered a protein and mineral supplement in winter and late winter. However, the nutrient composition of treatments varied because of different inclusion rates of raw materials (see Table 3 ). 
Nutrient composition
Crude protein (%)
Recommended daily intake (g/cow/day)
Summer 120-240 100-240 100-240
Non-protein nitrogen (NPN), Megajoules metabolisable energy per kilogram of dry matter (MJME/Kg DM), Phosphate (P) Non-protein nitrogen (NPN), Megajoules metabolisable energy per kilogram of dry matter (MJME/Kg DM), Phosphate (P)
Treatments consisted of three levels of supplemental CP, percentage protein derived from NPN and ME, namely T1 (367 g CP/kg, of which 77.5% was derived from NPN and ME of 5.3 MJ/kg), T2 (466 g CP/kg, of which 88.7% was derived from NPN and ME 4.4 MJ/kg), and T3 (475 g CP/kg, of which 95.9% was derived from NPN and ME 2.4 MJ/kg).
A rangeland condition assessment was made by Van der Westhuizen et al. (2013) and the rangeland was found to be in excellent condition (see Table 4 ). The veld was managed according to the principles of the three-camp-Elionurus cattle grazing system developed by Van der Westhuizen (2014) and the stocking rate was maintained at 7.2 ha/animal unit. Groups were rotated between camps fortnightly to minimise a possible 'camp effect' on their performance. The cows were mated naturally during the summer (mid-December to end March) and calves were weaned according to age from April to June. Single-bull mating was applied at a ratio of 1 : 25. Each treatment group was divided into two sub-herds. Bulls were rotated between treatment groups fortnightly.
The parameters were supplement intake (g/cow/day) and cost (R/cow/year), cow weight (August, March, at weaning and July), BCS (scale 1-9); calf birth weight, calf 100-day weight, calf weaning weight, inter-calf period (days), and conception rate (%).
Data were captured electronically in Microsoft Excel. Analyses were done with SAS Version 9.2. Frequencies and percentages were calculated for categorical data. Means and standard deviations or medians and percentiles were calculated for numerical data. Analytical statistics, namely an analysis of variance (ANOVA), was used to compare the mean values and the mean differences among the three treatment groups. The unpaired t-test was used to compare the mean values and the mean differences between two treatment groups at a time. The paired t-test was used to investigate significant mean differences within each treatment group. A significance level (a) of 0.05 was used.
Results and Discussion
The period in which the animals were given access to the treatments differed annually, because the initiation and conclusion of a supplementation phase were prescribed by the condition of the grazing. The late winter supplemental CP intakes of all three groups were similar (234, 230, and 229 g/animal/day). However, owing to differences in the compositions of the treatments, variations occurred between the treatment groups in supplemental protein from NPN (181, 204, and 220 g/animal/day) and supplemental energy (3.4, 2.2, and 1.2 MJ/cow/day). The three-year average cost incurred in supplying the late winter supplement to T1 was R248 per cow, to T2 was R200 per cow, and to T3 was R171 per cow (Table 5) .
During summer supplementation, T1 consumed quantities (229 g/cow/day) close to the maximum recommended daily intake of 240 g/cow/day (Table 5 ). T2 and T3 consumed quantities (101 and 104 g/cow/day) close to the minimum recommended daily intake of 100 g/animal/day, resulting in a higher supplemental P intake for T1 (11.5 g/cow/day) compared with T2 and T3 (6.1 and 6.2 g/cow/day). The threeyear average cost incurred in supplying the summer supplements to T1 was R107 per cow. The supplement to T2 was R33 per cow and to T3 was R34 per cow (Table 5 ). The three-year average supplement and nutrient intakes (g/cow/day) of the three groups during the study (2011) (2012) (2013) (2014) are presented in Table 5 as well as the three-year average costs incurred (R/cow/period) per supplementation period. Non-protein nitrogen (NPN), Megajoules metabolisable energy per kilogram of dry matter (MJME/Kg DM), Phosphate (P)
The average winter supplement intake of T1 (514 g/cow/day) was close to the maximum recommended level of 520 g/cow/day. T2 consumed 428 g/cow/day, a little more than the maximum recommended level of 400g/cow/day, and T3 consumed 347 g/animal/day, which was slightly less than the maximum recommended level. The three-year average cost incurred in supplying the winter supplement to T1 was R185 per cow, the supplement to T2 was R161, and the supplement to the T3 was R116 (Table 5) . Supplement intakes of the groups were close to the levels recommended by animal nutritionists.
Climatic and geographical variations in the nutritive value of natural pastures may be accommodated by varying the quantity of supplements (Cronje, 1990) . Satisfactory cow production and reproduction results (see Table 7 ) were achieved by increasing supplements by only 10% during the drought of 2013. Thus a constant level of animal production was possible at relatively minimal cost. The realistic stocking rate according to the grazing capacity of the veld and the implementation of the three-camp-Elionorus-cattle rangeland management system (Van der Westhuizen, 2014) is believed to have played a pivotal role in the level of animal production that was achieved in 2013.
The mean bodyweights (kg) and weight gains and losses of the groups during the study are presented in Table 5 and the mean BCS in Table 6 . ab Means in the same row with different superscripts differ significantly: P <0.05; *P <0.01, ** P <0.001, *** P <0.0001
In year 1 (2011-12) of the study T2 was heavier (P <0.01) at the weaning of their calves than T1 and T3. This was also the case at the end (July) of year 1 (Table 5 ).
In year 2 (2012-13) T3 were heavier (P <0.05) at the weaning of their calves than T2. No significant differences in bodyweights were measured between the groups in year 3 (2013-14) (Table 5 ). T3 gained the most weight from August to March in year 1 (P <0.0001) and year 3 (P <0.05), and had the highest BCS (P >0.05) at the end of the breeding season (March) in year 1 and year 3 (Tables 5 and 6 ). T1 gained the least amount of weight from August to March in year 1 (P <0.0001) and year 3 (P <0.05) and had the lowest BCS (P >0.05) at the end of the breeding season (March) in year 1 and year 3. In year 2, T1 gained the most weight from August to March (P <0.05) and T2 the least. Even though T2 gained the least weight, it had the highest BCS (5.05 ± 0.49) at the end of the breeding season (P <0.01) (Table 5 and 6).
The production and reproduction levels attained by the groups during the study are summarized in Table 7 . Conception rate and weaning weight were used as measures of reproductive efficiency. Although there were no statistical differences in weaning weights between treatments, there was a trend for T1 calves to be the heaviest at weaning and T3 calves to be the lightest in the three years. Conception rates of 90%, 91% and 92% were recorded for T1; 91%, 88% and 92 % for T2; and 92%, 94% and 96% for T3, respectively (P >0.05). While differences (P <0.001) in 100-day calf weights were observed between groups in 2012-13 and in the birth weights (P <0.01) of the calves in 2013-14, these variables were not used as production parameters. The three-year average ICP for T1 was 387 days, for T2 was 378 days, and for T3 was 387 days (P >0.05).
There were no significant relationships between bodyweight and conception rate and body condition score and conception rate. The lack of relationships among these parameters may be explained by the 'target weight' concept proposed by Lamond (1970) . According to Lamond (1970) , each cow has a probability of conception within a range of bodyweight and body condition. It is thus believed that the level of supplementation of all three groups enabled the cows in each group to operate within their target weight range. Similar results were reported by Steenkamp et al. (1975) , Meaker et al. (1980) and Lishman (1984) .
Though not significant, there was a tendency for conception rate to increase as bodyweight increased from before calving to the end of the breeding season (August to March) and to have a higher BCS at the end of the breeding season. Preston & Willis (1974) , Lishman (1984) , Groenewald (1986) and MacGregor & Swanepoel (1992) reported similar findings. In years 1 and 3, T3 had the highest BCS (P <0.05) at the end of the breeding season, the highest weight gains from August (before calving) to March (end of the breeding season) and the highest conception rate. T1, in contrast, had the lowest BCS at the end of the breeding season, the lowest weight gains from August to March and the lowest conception rate in year 1 and year 3. In year 2, however, a slight deviation was seen in the trend in year 1 and year 3. In year 2, T2 had the lowest weight gain from August to March, the lowest conception rate, but the highest BCS at the end of the breeding season. The reasons could not be explained.
Although cows in T1 weaned slightly heavier calves, the improvement was not enough to make this practice economically justifiable because these weights were not sufficient to cover the higher expenses associated with T1. These results are in agreement with De Brouwer at al. (1993) , who found supplementing cows on the western Highveld (Potchefstroom) with a dicalcium phosphate supplement in summer and a urea-based protein supplement in winter gave satisfactory production and reproduction results, but at a reduced cost.
Conclusions
South-eastern Free State veld that is in good condition and is well managed gives the highest economic return by supplementing beef breeder cows with a mineral (60 g P/kg) supplement in the wet season and a protein and mineral supplement of which most (96%) of the protein is derived from NPN (urea) in the dry season. However, different results may be obtained with other breed types.
